High-resolution ac calorimetric data near the Curie point are reported for several single crystals of gadolinium. The critical temperature and the shape of the heat-capacity curve near T, both depend on the sample-preparation procedure, including heat treatments. The heat-capacity data are analyzed in terms of predictions of renormalization-group theory. This analysis shows that the critical behavior of Gd is consistent with the picture of a complex critical behavior consisting of a series of crossovers dictated by the interplay between short-range and magnetic-dipolar interactions.
I. INTRODUCTION
Measurements of the heat capacity represent a wellestablished method of studying phase transitions. The progress made in the physics of critical phenomena in the two decades since Wilson' formulated the renormalization-group (RG) approach to phase transitions in 1971 has intensified the need for data giving the temperature dependence of the heat capacity, C (T), at temperatures extremely close to the critical value, T, . The required heat-capacity resolution can be of the order of a few mK, in order to give reduced temperatures, t=(T T, )/T" le-ss than 10 . Such high-resolution heat-capacity data can be used for testing and further development yb '(T, )=y, '(T, +b, T,";,) , where', is the c-axis susceptibility. This procedure gave AT, ";, =0.57+0.09 K.
Quasielastic neutron scattering on a ' Gd-enriched single crystal ' 
IV. RESULTS
The heat capacity of sample I before annealing and after three consecutive heat treatments is shown in Fig. 1 . The data points were collected every 100 mK; the temperature drift rate was 12 mK/min.
The first heat treatment induced a large smearing of the phase transition, considerable reduction of the peak value of the heat capacity, and a decrease in the critical temperature as estimated by the peak temperature, by around 2.5 K, in comparison with the unannealed sample ( Fig. 1 , curve I-l).
The heat-capacity curve determined after the second annealing is given by curve I-2 in Fig. 1 . This heat treatment almost restored the peak temperature observed for the unannealed sample but the peak value of the heat capacity remained depressed.
The heat capacity of the sample after the third annealing is given by curve I-3 in Fig. 1 . Curve I-3 nearly overlaps with curve I-2, however, curve I-3 is steeper on the high-temperature side of the transition than curve I-2.
The measured heat capacity of sample II is shown in Fig. 2 . The data points shown in Fig. 2 were collected every 50 mK (temperature drift rate -12 mK/min).
Sample II exhibits the sharpest phase transition with the largest peak value of the heat capacity and the highest peak temperature of a11 samples investigated in this work.
In order to determine how the temperature drift rate affects the shape of the heat-capacity curve near T, a series of measurements was carried out with temperature drift rates in the range from 3 mK/min to 72 mK/min. The results were not affected by these drift rate changes. (2) for Gd in the temperature range from 285 to 300 K; the results are shown in Fig. 3 . The average values of the elastic constants were taken over the short temperature range of the calculations. The critical temperature was assumed to lie within the rounded portion of the heatcapacity curve for sample II (T, =294. 5 K in Fig. 3 ). As can be seen in Fig. 3 the difference between the heat capacity at constant pressure and at constant volume, AC& becomes important close to T"as this is the temperature range in which the thermal expansivities diverge rapidly.
AC v accounts for around 5% of the total heat capacity in the proximity of T, for T ( T, . hC v and measured C values were used to ca1culate heat capacity at E=E' was im- posed to assure that the regular contribution to the total heat capacity is indeed regular at T, .) The data were analyzed in the temperature range t;"&~t~& r,", where t;"and t "are defined with respect to the initial choice for T, .
In the first step of the analysis 2, 3', 8 =8', and e =a', were fitted for a fixed value of T, in the temperature range in which data affected by rounding were excluded. If the fitting routine converged, the next step was to allow T, also to be fitted. If T, could be fitted, the statistical parameters of the fit [the estimated standard deviation of the fit, the estimated 95% confidence intervals in the fitted parameters, the plot of residues (the difference between the measured C and the fit to the data) and the histogram of the residues] were printed out and analyzed.
At the beginning almost all the data were kept in the fitted data set, and the plot of residues showed the presence of systematic structures near T, in Fig. 4 In contrast with magnetic phase transitions in solids, phase transitions in liquid crystals are much sharper and in some cases high-resolution heat-capacity data over almost three decades in reduced temperature (from t = 10 3 to t = 10 ) can be used for fitting, making it possible to fit the first as well as the second correction to scaling term.
As can be seen in Table II the best representation of both C and C& data for sample II was obtained in terms of the correction to scaling fit. This fit gave the smallest standard deviation and represented the data over the widest temperature range (Fig. 5) . The pure power-law fit to C and Cz data gave a standard deviation similar to that for the fits with the correction to scaling term but it represented the data over a narrower temperature range and it also gave unphysically large values of the ratio 3 /3' and of the regular term E. The exponent e from the pure power-law fits agrees with the value a = -0.20+0.02 obtained by Simons and Salamon' also from the analysis with a power law.
The values of the fitted parameters given in Table II for the fits with the correction to scaling term are in good agreement with the corresponding results obtained by Jayasuriya ' who The analyses were provided by the sample producer.
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